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Requirements for carotenoids in fish diets
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Summary

Carotenoids are among the most widespread and impartant pigmeat classes in living organisms, and n
marine animals, astaxanthin is the most commonly occurdog red carotenoid. Carotenoids are vitamin A

recursors and are fundamental in photosynthesis and light protection in plants. Increasing attention has
ﬁeen drawn to a possible light protection, cancer prevention and immune enhascement by carorenoids in
mammals. Reported functions in fish range from a general enhancement of performance to specific
functions in reproductiop and metabolism. In this paper, we show that astaxaathin is essental for
growth and survival of fish and crawfish, and discuss this fac in relation to the use of purified and
semipurified diets in auentional studies. The similasity 1n action of astaxanthin and canthaxanthin
compared to a-tocopherol (vitamin E) and retinol (vitamin A) suggests that these rwo carotenoids
should be listed among the fat soluble vitamins,

Introduction

Carotencids in modern aquaculture are mainly associated with astaxanthin or canthaxanthin
pigmentation of the flesh of salmonids. The pigmentation of Atlantic salmon (Salmo salar)
and rainbow trout (Oncorbynchus mykiss) flesh is regarded as the most important quality
criteria next to product freshness (KOTENG 1992). It is therefore of vital interest for the
salmon farmer to achieve a sausfactory pigmentation of the salmon flesh. The market
demand for astaxanthin in Atantic salmon flesh requires 2 concentration above 6-7 mg per
kg. Factors influencing the absorption and deposition of carotenoids are reviewed by
TORRISSEN ct al. (1989) and STOREBAKKEN and NO (1992).

It has been shown thart carotenoids have at least four functions: (1) accessory pigment in
photosynthesis, (2) protective pigment against photosensitization, (3) provitamin A source
and (4) communication in aquatic animals. Responses to physiological or pharmacological
administration of carotenoids are normally classified as actions. Potential mechanisms
associated with carotenoid actions include antioxidant and singlet oxygen quenching, pro-
vitamin A activity, up-regulation of DNA expression, co-oxidation, and enhancement of
immune functions associated with increased tumour immuniry and modulation of mac-
rophage and lymphocyte activation (BENDICH 1993).

Salmonids absorb and deposit astaxanthin and canthaxanthin in the muscle during the
grow out period. At the time of sexual maturation, they mobilize the carotenoid store
and transport the accurnulated astaxanthin or canthaxanthin by the Very High Density
Lipoproteins (VHDL) (vitellogenin) or High Density Lipoproteins (HDL) to the ovaries
and finally the progeny. This active transfer of carotenoids from the mother fish to the eggs
has Jed to the hypothesis that carotenoids are vita] for egg and larval development.

Absorption and storage

Some carotenoids are absorbed well and rapidly metabolized, some are absorbed and poorly
metabolized and sorue seems not 1o be absorbed at all. Both the absorption and metabolism
of carotenoids are highly dependent on its structure. The mechanism by which the car-
otenoids are taken up from the plasma by tissues and released back into plasma from specific
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tissues, however, has not yet been clarified (OLSON 1993). A preferred absorption and
deposition of hydroxy and keto carotenoids is seen in fish. Astaxanthip and canthaxanthin
are absorbed well, while f-carotene in some fishes seems hardly to be absorbed at all.

Growth and survival

An improved growth of Atlantic saJmon was found by supplementing commercial start
feeding diets with astaxanthin or canthaxanthin (Fig. 1) (TORRISSEN 1984), and no sigmificant
differences were found between the astaxanthin and canthaxanthin supplemented diets.

Corresponding results are found-for the red tilapia (Oreochromis niloticus) (BOON-
YARATPALIN and UNPRASERT 1989), and kuruma shnmp (Penaeus japonicus) (CHIEN and
JENG 1992). Supplementation of f-carotene and canthaxanthin to the diets of major Indian
carps resulted in a better survival and growth compared to conventional diets used without
carotenoids (GOSWAMI 1993), and NEGERE-SADARGUES et al. (1993) found a higher survival
rate for Penaeus japonicus receiving astaxanthin-capthaxanthin supplementation (50/50),
but no differences were observed in growth and moulting.

CHRISTIANSEN et al. (1993) investigated the interaction between astaxanthin and vitamin
A supplementation on growth and survival in first feeding fry of Adantic salmon. The
experimental diets were based on a semipurified diet based on viramin and carotenoid free
casein and gelatine as protein sources developed by SHEARER et al. (1993). The results from
this 135-day feeding study clearly showed a significantly improved growth and survival on
supplementation of astazanthin to the experimental diet (Figs2 and 3), and vitamin A
supplementation alone did not support growth and survival. The vitamin A source used
was a mixture of retinol palmitate and retinol acetate. The bio-availability of the two forms
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is not known and one or both might be poorly utilized by start-feeding salmon. The results
also show a provitamin A functon of astaxantun (Fig. 4), but this alone is not able to
explain the effect of astaxanthin supplementation.

Punctions of carotenoids
Provitamin A

GROss and BUDOWsKI (1966) reported that astaxanthin, canthaxanthin and isozeaxanthin in
addition to B-carotene were precursors for vitamin A in both guppies (Lebistes reticulatus) and
platies (Xiphophorus variatss). Astaxanthin, canthaxanthin and zeaxanthin were precursors of
both A, and A, in rainbow trout (Oncorhynchus mykiss), but the rate of incorporation was
highly dependent on' fish size and age, and the vitamin A status of the fish SCHlEDT et §l.
(1985) reported that astaxanthin, canthaxanthin and zeaxanthin were transformed into vitamin
A in the intestinal wall and the liver. In the freshwater fishes, Saccobranchus fosslis and Clarias
batrachus, Jutein (3,3’ Dihydroxy a-carotene) is reported to be the precursor of vitamin A,
(dehydroretinol) (BARUA and GOswaMI 1577; GOswaAMI and BHATTACHARJEE 1982), and in
tllapia (Tilapwa nilonca) astaxanthin, zeaxanthin, lutein and tunaxanthin were directly bio-
converted into vitamin A(2) (KATSUYAMA and MATSUNO 1988).

Communication

Fishes change their hues in response to background colouranon and also display colour
rcsponses during exci[ement a.nd courtship (FUJH ]969). The COlO'I.‘II' pat(el’ﬂ can be vxcwed
as compromises berween the ‘need’ to communicate with other members of the species and
the ‘need’ to avoid being caten (MOYLE and CECH 1982). The internal control of colour
changes is complex and involves both hormones and nerves where the initiation comes from
visual cues. It has been shown that carotenoids are integral constituents of chromatophores
and xanthophores, and, as such, are funcoonal in the photo-responses of fish. GOODWIN
(1952) suggested this to be the major rolg of carotenoids in fish, and lack of sufficient
pigments may have a negative effect on their general performance.
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Actions of carotenoids

TVERANGER (1984) did not detect any effect of astaxanthin supplementation on fertilicy
of rainbow trour, however, improved cgg buoyancy was observed from re_d sea bream
(Chrysophrys major) broodstock fed die}s containing B-carotene, canthaxanthin .znd astax-
anthin the night before spawning. Hatching was not affected, but thg number of oil globules
was reduced. CHRISTIANSEN and TORRISSEN (unpublished data) did not find any effect of
astaxanthin content on the hatching success of Adantic salmon eggs. _ o

Heteropneustes fossths showed atrophied gonads with damaged germinal epithelivm when
fed a carotenoid-frec diet (GOSWAMI 1988). SENGER et al. (1989) reported an improved liver
histology in Oreochromis niloticus and Colisa labiosa fed high astaxanthin levels (71—
132 g/kg) and low level (32 mg/kg) in the dict. Particularly the parenchymal and intracellular
organization was better developed. In tilapia the glycogen storage was enhanced and the
cell volume slighdy increased, although the biochemical mechanism is unknown.

Marine pelagic cold water fish spawn large numbers of small eggs withous visible caro-
tenoid depositions, while demersal fish and viviparous fish often have eggs containing high
levels of carotenoids. Pelagic eggs have, in general, a short period of development from
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Table 1. Formulation of a sensipurified test diet for Atlantic salmon. Concentrations of astaxanthin
and vitamin A mg/g dry diet. All other ingredicnts are given as perceatage (SHEARER et al 1993)

Ingredients
Casein 448
Fishoil (Sardine) 17.1 Vitamin mix! 2.0
Gelatin 10.0 Vitamin A [ug) 0, 600, 1200
Dextrin 120 Astaxanthin [ug/g) G, 20, 40
Carboxymethylcellulose 1.0 Choline Chloride 1.0
a-cellulose 4.6
Amino acids KCl 15
L-arg 1.0 NaCl 0.3
L-his 0.2 CaHPO, * H,0 12
L-lys 1.0 MgO 0.3
L-met 0.4 Trace min. sol.?
L-phe 0.5
L-thr 1.0
'The vitamin mix contsined the following vitamins per kg of diew: 1.188 g ascorbic acid; 4 mg
vitamin D,; 100 mg a-tOCQpherol acetate; 6 mg vitamin Ky; 15 mg thiamin hydrochloride; 30 mg
rboflavin; 15 mg pyridoxine hydrochloride; 45.5 mg calcum D-phantothenat; 150 mg nicotinic
acid; 40 mg biotin (2%); 4 mg folic acid; 3 mg vitamin B,; (1%); 300 rmg inositol: *Supplied as 100
mUkg dry ingredients contamn: 1.% mg KL 32.5 mg MoSO, H,O; 88.0 mg ZnSO, 7H;0; 4.2 mg
NaH$eO; 4.8 CoCl, 6H,O; 11.8 mg CusO, 5H,0

spawnuing until the progeny start exogenous feeding (phyto- and zooplankton) which
satisfies their carotenoid requirement. The lack of visible carotenoids in transparent cggs
may be an adaptation 10 minimize predation pressure. Abnormal skin pigmentation of
halibut and turbot is a Jarge problem in first feeding of larvae on rotifers and artemia. The
predominant hypothesis is that unpigmented skin is a deficiency syndrome for insufficient
supplies of vitamin A and highly unsaturated fatty acids (HUFA). It has also been shown
that vitamin A deficiency ¢auses 3 depigmentation of the skin of channel cacfish (Zcralurus
punctarss). This deficiency syndrome seems to be reduced by enriching the Jive food with
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; ini itami have a limited availability
ning algae. We have shown that vitamin A esters have a lin i
;210::11:;:2: 2:;:on fgry %CHRIST]ANSEN et al. 1993), and pilor studies indicate that marine
fish larvae require carotenoids or preferably astaxanthin.

Diet supplementation

i i 1 igati i i f fishes and crayfish that
h in a series of mvestigations on a wide varicty o :
i:: . er:e::lztion of carotenoids to the diet improves grov{,t.h, reduces the mortality rate and
enll?:hces the general performance of the sumal. In adz‘imon a [arge amount of :mp;:ncal
data suggests that a sufficient carotenoid supply is essential for the well-being of the animal.
Astaxanthin or canthaxanthin should be regarded as a vitamin for fish and crawfish and
added to all fish diets at a level above 10mgkg™! dry dier.
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